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CONPIDENTIAL NPG REPORT NO, 1209

Armor Penetration Tests of 20mm API Projectile Ex-5

PART B

INTRODUCTION,

l. AUTHORITY:

The subjeot tests were conducted under reference (a), Task
Assignment NPG-Re3b-236-l-53, as authorized by refArences (b),
(a), (d), (e), and (f).

2. REFERENCESs

a. BUORD Rest ltr Re3b-AAF:mt NP9 of 30 July 1952
b. BUORD Rest ltr Re3b-AAF:mt NP9 of 11 August 1952
a. BUORD Rest itr Re3b-AAF:mt NORD 11694 of 9 October 1952
do BUOPD Rest ltr Re3b-AAFimt NORD 11694 of 6 January 1953
es SUORD Rest ltr Re3b-AAFzmt NORD 11694 of 14 March 1953
f. BUORD Conf ltr Re3b-AAF:hJk S78 .l(70imn) Ssr 55883 of

28 April 1953
go NAVPROV Rest ltr OTK:TWT:dmf Xl-2o-2Omm Ser 35050 of

25 August 1953 to BUORD

3. BACKGROUND:

Since September 1952 the Naval Proving Ground has been conducting
tests of various models of the 20mm API Projectile Ex-5. Results of
all tests were reported informally to the Bureau of Ordnance thereby
facilitating the release of this projectile to production. The pro-
jeotile, now designated the 2Omm API Projuctile Mk 13 Hod O, is to
be used in service with th• 20mm Gun Mk 12. This report formally
ooverb all the armor penetration tests performed on the 20mm API
Projectile Ex-5 as requested by references (b), (c), (d), (e), and(is).

4. OBJECT OF TEST:

These tests were conducted for the following purposes:

Lo a doLtjrxini t. L ar).:cor p .ci r~i , cL':.i .. .i %L.. .

20mm API Projectile Ex-5.

b. To determine oompar;Oivu punetration oharacteristics of
the various types of 20mm API Ex-5, the 20mm APM95, and Caliber
,50APM2 projoctilos.

ca. To establish penetration test velccities for the 20mm
API Projectile Ex-5 for use in spouifioatizrn OS-2806.

CONFIDENTIAL
SECURITY INFORMATION



CONFIDENTIAL NPG REPO;;I' NO. 1209

Armor Penetration Tests of 20mm API Projectile Ex-5
- - - - -. - - --- -- ---- ---- -- ---- ----- -

5. PERIOD OF TEST:
a. Dates of Directives 12 August 1952

9 October 1952
6 January 1953

14 March 1953
28 April 1953

b. First Teat Reportod Here 4 September 1952

a. Last Teat Reported Here 27 July 1953

6. REPRESENTATIVES PRESENT:

The following representatives were present to witness portions
of the tests reported herein:

A* As Pamiglietti Bureau t f •• ý,3. c

A. N. Boardslee Bureau of Ordnance Re3d

C. L. Hooler AINSMAT, Reading Pa.

W. R. Powl Armstrong Cork Company

J. R. Konold Armstrong Cork Company

L. E. Killian Armstrong Cork Company

r. A. Repinhard, Jr. Armstrong Cork Company

H. M. Yohn Armstrong Ccrk Company

R INFIOMTNTIAL
SECURITY INFORhMATION4



CONFIDENTIAL NPG REPORT NO. 1209

Armor Penetration Tests of 20mm API Projectile Ex-5

EAJBT C

DETAIL$ OF TEST

7, DESCRIPTION OF ITEM UNDER TEST:

The following projectiles were tested:

a, 20mm API Projectiles Ex-5 manufactured by Armstrong Cork
Company of the types identified belows

TS2e Date Body-AdapteAssembly Body Hardenini

IVEBX Sep 1952 Original design hot shrunk Hardened
through die.

IVEAL Sep 1952 Original design hot shrunk Not hardened
only.

IVCB5 Nov 1952 Body adapter joint modified, Hardened No. 5
grain size.

IVCB6 Nov 1952 Mechanically same as IVCB5. Hardened No. 6
grain site.

IVCB7 Nov 1952 Mechanically same as IVCB5. Hardened No. 7
grain size.

E2BLT Jan 1953 New E2BT deaign. Hardened

E2BLT-C Mar 1953 E2BT design. Hardened No* 2-1/2
grain size.

E2BLT-M Mar 1953 E2BT design. Hardened No& 5-1/2
grain site.

E2BLT-F Mar 1953 E2BT design. Hardened No. 7-1/2
grain size.

EX-5A8 May 1953 E2BT design. Hardened

Nk 13 July 1953 E2Bi' dusign. Hardened (see
Mod 0 Figure 1)

Appendix (A), Figure I shows a cross section of the mos3t recent

type Ex-5 projectile obtained from the pilot lot of Mk 13 Mod 0
projcctilxAs

b. For comparative purposes 20mm APM95 projectiles from
lrt NP-3-24-45 and Caliber .50APM2 projectiles from lot SL--53925.

CONFIDENTIAL
SECURITY INFORMATION 5



CONFIDENTIAL 14PG REPORT NO. 1209

Armor Penetration Tests of 20mm API Projectile Ex-5

8. DESCRIPTION OF TEST EQUIPMENT:

a. Guns:s

20mm Tube No. 34492
20mm Accuracy Barrels No. FAD-I and Ex-178
Caliber .50 Accuracy Barrel No. 299

be Cases and Powdert

20mm M21AI Primed Case with IND 32774 Powder
20mm Mk 5-0 Case with Mk 47-0 Primer and IMR 6962

lot DSZA 8 Powder.
Caliber .50 Primed Case with RAD-20055 Powder

a. Armort

1/2" and 3/4" Face Hardened Armor Carburised and
Pluramelt types

3/4" Homogeneous Armor (STS)
1" Homogeneous Armor (STS)
1-l/4" Homogeneous Armor (STS)

do A 160? range with armor plate butt and velocity measuring
equipment.

9. PROCEDURE:

The various types of 20mm API Projectiles Ei-5 listed in
paragraph 7a were inert loaded to weight (1700 grains) with the
exception of the EX-5A8 type and fired versus armor targets as
listed in paragraph go. Ballistic limits were established for
most of the conditions or test.

10. RESULTS AND DISCUSSION:

a. The ballistic results are summarized in Tables I to VI,
Appendix (B), and are given in detail in Appendix (D) for each
projectile-plate-obliquity combination. Photographs of typical
projectiles after impact are contairied in Fig-"o 2 t:./-i * ±4,

Appendix (C),

CONFIDENTIAL
SECURITY INFORMATION 6



CONFIDENTIAL NPG RFPORT NO. 1209

Armor Penetration Tests of 20mm API Projectile Zx-5

b. In the initial phase Caliber .50 APM2, 20mm APM95 and
20mm API Rx-5 projeoctiles of types BOX and EAL were tested againat
the same armo targets* To establish some comparison among these
projectiles, limit penetration coosficients were calculated using
the following formulas

?(e/d,Q) x 41,57 M 142 VPSO Cos 0

a 1/2 d

F(e/dQ) to limit penetration coefficient

e is the plate thickness in inches

d is the diameter of the projectile body in inches

M is the mass of projectile body in pounds

VP5O is the mean protection limit velocity in feet per
second

0 is the obliquity (angle between trajectory and normal
to plate at impact)

Characteristics of the projectiles were as follower

Diameter of
Core or Body Weight of

Pro l InchesCore or -odyZ

Caliber .50 APM2 .4272 .0560 pounds

20mm APM95 .7686 .2529 pounds

20mm API Ex-5 .7686 *#1643 pounds
(Original Design)

* Body weight of original design types EBX, EAL, and CB, The body
-.roieht -1 fhe no F2PT 1nn~1r'n wrý,, rnlv .10,1 3pr-nndn t- provl d(. f"r
heavier adapters

CONFIDEMTIAL
SECURITY INFOPMATION 7



CONFIDENTIAL NPG REPORT NO. 1209

Armor Penetration Tests of 20mm API Projectile Ex-5
- -a - - -a- - - - - - - - -

Performances are compared in the table below:

Limit
Limit Coefficient

"VP5O" Penetration in terms of %
Conditions Limit Coefficient of 20mm APH95
of Test e- P.JJta. F(eldQ )imit

1/2" Face Cal.50APH2 2502 70,000 131
Hardened 300

"20amm APM95 1639 53,450 100

"20mCm API 1909 50,150 94
Ex-5 (EBX)

3/40" Homo. 301 Cal.5OAPM2 2342 54,200 110

20mm APM95 1805 49,350 100

"20fa API 2691 59,300 120
EX-5 "(EBX)

1" Homo. 00 Cal.5OAPM2 2404 55,750 103

20mm APM95 1972 54,O00 100

20mm API 2626 58,000 107
Ex-5 (EBX)

1-1/4 Homo. O0 20mm AP195 >3006 >73,300 100

20mm API 3115 61,250 '8 4
Ex-5 (EBX)

The above results indicate that the 20mm API Ex-5 (EBX) projectile
requires less energy than the Caliber .50 APM2 or 20mm APM93 to
penetrate 1/2" face hardened armor at 300 obliquity; but requires

S L',• i ) /lt+"' i.oroua aruor at J3.7' obiiquity
and 1" homogeneous armor at 00 obli quity than either the Caliber
.5OAPM2 or 20mm APM95. Against 1-1/4" homogeneous at 00 obliquity
tho 20mm API Ex-5 (EBX) was able tv penetrate but the 20mm APM95
could not. A possible explanation is that the long M95 body with
soft base is upset during penetration where as the short relativaly
hard Ex-5 body does not deform during penetration. The 20mm Ex-5
(EAL) projectile with unhardened body showed poor armor penetrating
characteristics as expected and ac evident from the high ballistic
limits obtained (Apperdix (D)).

CONFIDENTIAL
SECURITY INiORMATION 8
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Armor Penetration Teats of 20m= API Projectile Ex-5

-- - - - - -- -- -- -- -- --- - - - - - - - - - - - - - - -

a. In the second phase three types of 20mm Ex-5 projectiles
identified as CB-5, 6 and 7 were tested. These projectiles were
identical mechanically and varied only insofar as the heat treated
grain size in the bodies. The bodies were Noe 5p Not 6, and Noe 7
grain sie respectively which is not considered much variation.
No difference in the armor penetration performance was noted
against either 1/2" face hardened armor at 300 obliquity or 1"
homogeneous armor at 00 obliquity.

d. Type Z2BLT Ex-5 projectiles with a new strengthened body-
adapter design to facilitate security of parts were next tested
for penetration. These projectiles gave a similar penetration
performance to types CB-.5 i and 7 tested previously against both
1/2" face hardened armor at 300 obliqutiy and 1" homogeneous armor
at 00 obliquity.

e. Three types of 20mm Ex-3 projectiles of the new body-adapter
design with a wide spread in body grain sue were given penetration
tests. These projec iles were the 12RLT-C with a No. 2-1/2 (coarse)
grain size, the 32BLT-M with a Nos 5-1/2 (medium) grain sise and
the E2BLT-F with a Noe 7-1/2 (fine) grain siues Four ballietio
tests were conducted in an attimpt to detect the influence of this
considerable variation in grain size. Tests against IW %nd 1-1/4"
homogeneous armor at 01' obliquity and against 3/4" face hardened
armor at 200 obliquity did not distinguish between the three types.
A test made with the projectiles at subsero temperature (-65oF)
against 3/4" homogeneous armor at 300 obliquity showed a slightly
poorer performance for the E2BLT-O coarse grain type. However, the
differences among the three types of projectiles in overall
ballistic penetration properties are not considered significant.

f. Two hundred 20mm EX-5A8 projectiles, incendiary loaded by
National Fireworks Ordnance Corporation, were tested at the four
different conditions of test to be included in the specifications.
The results obtained are summarized in Appendix (B) along with the
results obtained on the pilot lot and first two acoeptance lots of
20mm Kk 13 Mod 0 projectiles, As regards acceptance ballistio
testing of the EX-5 projectiles, the following agreements were
made at a meeting in the Bureau of' Ordncaiue on 18 June 19531

(1) That the present method given in OS-2806 of listing
numerical velocities for a particular condition was satisfactory.

(2) That the Navkl Proving Ground would furnish velocities
for the desired conditions of test, to be listed in an amended
O-2806.

CONFIDENTIAL
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Armor Penetration Tests of 20.. API Projectile Ex-5

(3) That the protection criterion for complete penetration
will be employed in the specification. Complete penetration will
be considered to have occurred when a hole is produced in a 1/16"
mild steel plate mounted approximately 6" behind and parallel to
the armor plate, provided a through hole is evident in the armor.

(4) That the Bureau of Ordnance would authorize the Naval
Proving Oround to obtain limit velocities on test plate@ with
standard and acceptance lots of projectiles under the amended
specification#

The following table lists the average performance to date for each
condition of test and compares these average values with the
velocities proposed in reference (S)t

Average "VPSO" Specification
Limit Specifi- value in

(Corrected cation Terms of
Conditions Noe Limits to Nominal Value % of Average
of etrmne Thike) Limit

1/2" ?ace 5 2143 f.se 2225 f.og I03.U
Hardened
Pluramelt at 300

1/2" Homo* 300 6 1994 f.e. 2075 fog. 104.1

3/4" Homo. 300 6 2714 fose 2850 fe.e 105.0

1" Homo 00 13 2687 f... 2800 foa, 104v2

In view of the above results the proposed values should prove
satisfactory for acceptance testing under 0S-2806.

CONFIDENTIAL
SECURITY INFORMATION 10
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Armor Penetration Tests of 20mm API Projectile Ex-5

PART P_

1i. It is concluded that:

at On the basis of armor penetration the 20mm API Projectile
Ex-5 can be con idered a satisfactorily effective projectile for
service use,

b, The 20uz API Projeotile Ex-5 is not quite as effective as
the 20mm APM95 projectile in overall armor penetrating character-
istics.

of Except for an inferior performance by the unhardened body
RAL type, no significant difference in the overall terminal
ballistic performance of the various types of 20mm API Ex..5 pro-
jectiles was noted,

d. Proposed specification velocities for acceptance testing
of 20ma API Ex-5 projectiles have been determined.

CONFIDENTIAL
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Armor Penetration Tests of 20mm API Projectile Ex-5
- - -a - -- - - - - - - - - - - - - - --

The teasts upon which this report in based were conducted byt
T. W. TRUSLOW, Lieutenant (iJg), USNR-R

Firing Officer
Light Armor Battery
Terminal Ballistics Department

This report was prepared by:
J. J. GLANCY, Ordnance Engineer

Light Armor Battery Officer
Terminal Ballistics Department

This report was reviewed byt
Rs. H. LYDDANE, Director of Research

Terminal Bollistics Department
W. B. ROBERTSON, Lieutenant Commanders USN

Terminal Ballistics Officer
Terminal Ballistics Department

C. C. BRAMBLE, Director of Resoarch, Ordnance Group

APPROVEDt J. F. BYRNE
Captain, USN
Commander, Naval Proving Ground

Es A. nUCKNER
Captain, USN
Ordnanoe Officer
By direction
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NP 9 62741 AUG 953

HARDNESS DISTRIBUTION AND MACROSECTION OF

20MM AP PROJECTILE MK 13-0 PILOT LOT

Hardness Values, Vickers Pyramid (50kg.)

Etch: Ammonium Persulfats
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NAVAL PROVING GO0UND PROJECTILE FIRING REC0RD SHEET NO. 1
LIGHT ARMOR BATTERY End. ( )

Anneal a Temperature Time
Norm I TS:
Harden : EL:
Quench : RAS

, Draw a

K Proj 0 1&*-g C a Date I% **p, Am8
Gun :PAP-$ ' ** a p -. Mn: f Cg4i

Range I I , t I a a Contr, 4. w.ai9-s
- Plate aMWOM4 - 4K 0-61 P I Specas
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET iO.,

PROJECTILE S78.l(54.20mm E. (Ec

-'ý Cm N7 A- E7 ........ 4

, 1.•4 Z _gig :1Z
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NAVAL PROVING GROUD PROJECTILE FIRING RECORD SHEET NO,........

PROJECTII 5 L3 X 78-1(54,-20m Encl.
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UAVAL PROVING GOUND PROJRTILE FIRING . SHEET NO. 1
LIGHT AMOR BATTERY Encl. ( )

Temperature TimeNnneal . YP:

Norm : TS:
Harden ML
Quench i RAt
Draw I

Proj 1 W N*43 -• -%.A*, C I Date tA vgp7- ,r1rs
Out I : FJ- I FA ~ hý ntMr I~toV C(o'?b
Ban a I t/ I S Contri CK lo•ov'•

Plate IT1 rs. I¥ t.,,rs . P : Specas

Obl. 30 : : o Nil Group' a-x44-•
Req t 25 a A Cr: Heat t
1C , 2.#6/ 'A.If 1 2. mot Steelt
HI :24WO i"47 :'W
Limit :s-1.0 I -Aqq7

Ed. f , Proj,Wt. Charge "tr. V.. -O' Yaw ' onddl°.-t
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NO,

PROJECTILE 26MAA £X.r S78- (5 42 Om Encl. ( )
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEUT NO.--...

PROJECTILE EAL878..1(54-20mm Enl. ( )
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NAVAL PROVING GROUND PROJ! IiJ.TFIRING RECORD SHEET NO. 1
LIGHT ARMOR BATTERY __Exicl. (

Temperature Time
Anneal : YP:
Norm : TS:
Ha rden : EL:
Quench RAs
Draw : wr.177o

CORE
Proj t 2A , K C I Date 3 fi
Gun . 1 •0. v. I Mn: MIdere
Range I , Contra g ."
"Plate I - /06t Pa Specs.,
Gauge t O.437Z IO2202 : O f7Ifa o(0q Sit Proj i : "AfA5
Obi. t 20 30 av 91 Ni: Group:
Req t 25 a I Cr: Heat 1

aI /b~f s iY05 If 7Mo: Steelt
HI / :#9'S6
Limit 1&34? 1 47 5

lot ,.• Charge V. Yaw Pnet 'onditioz•f_,fBu l•
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NO..

PA OJEC T ILE 4; Ao7.v) ofP*4)q5 s78 -,l(54 -2 D= Encl.( )

Rd. Bualet Pro0J.Wt, Charge Str. Vel, Obl. Yaw Penet .C-nd _on o{'ullet
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NO,

FEOJECT LE .V1o14 S78-1(54-20 Encl ( )

Rd. Bullet ProJ.Wt. Charge Stir, Vol. Obi, Yaw Penet' Conditionof 6 uf et
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NAVAL PROVINO GROUNPDPROJZTILE FIRINR SHEET NO. 1
LIGHIT ARMOR BATTERY Enl. ( )

Temperature TimeAnneal Y Pa

Norm : TS:
Harden a ELs
Quenoh a RA:
Draw a
Proj ac l)jo ,, ,, ' C : Date

Gun I 0 s If, fri
Bang a 8 1 Contra
Gauge WT4 Pat Specs$

Gue IProj I~#q~
Obl. a 0 Ni3 Group:
Req 1 25 1 1 Cr: Heat I
LC 1 2 . .Ua r Noi Steel:
HI
Limit 6 A 7 a

Tdý. Mt ProJlWt._ ChargeStr. Ve.- Obl1 aw ' PeCet'Condition of Bullet,P7"'• lf or,,l° IQ-, --_,. -I. 71A * - I ,...., ,. ,-_
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NC..,

PROJECTILE (%X 3OPmZ- 878-1(54-.20mm Encl. (
6r ;-I6Vr* 0 3*2

Rd. Bullet ProiWt. Charge Str. Val, Obl. Yaw Penet Condition of ullat
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NAVAL PROVING GROUND PROJZTILE FIRING RECORD SHEET NO. 1
LIQHT ARMOR BATTERY Enl. ( )

Temperature TimeAnineal a YPt

No=m a TS:
Harden t EL:
Quench i RA:
Draw I

Proj I .AW - I C I Date I , N , v
Gun Unt Mfr a
Rane , ___ "a• t 11 C ontr tPlaf8 IrteW---- P : Specat -

Gag 1 a)SI B it Proj "&"AJ &,V
ObI. 1 5 a Nit Group: jw G9-3
Req t 25 , I Cr: Heat t._

*I lt?• I Mot Steels.
HI tI
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NAVAL PROVING MOUND1TILE FIRING RECORD SHEET NO. 1
LIGHT ARMOR BATTERY Enl. ( )

Temperiture Time
Anneal : YP:
Norm : TS:
Ha.aden : EL:
Quench : RA:
Draw

Proj :U-gG.- : C: Date : f.v,
Gun : FA-I : : Mn: Ufr I euev
Range 1 1 B : Contra 1
Plate : or," -0 : P : Specs:
Gauge : I Sit Proj '2Aeq4 5
ubl. : 0 a a Ni: Group:
Req * 25 : Cr? Heat :
1C ,4i a - Mo: Steel:

HI :1
Limit s

g et -ProJ.Wt. Charge Br. Vol. "5bT' Yaw Pens~ t_1_____It___________ t
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NAVAL PROVING CGROUN PROJBTILE FIRING RECORD SHEET NO. 1
L0HT ARMOR BATTERY N Encl. )

Temperature Time
Anneal i YP:
Norm I TS:
Harden : EL:
Quench : RA:
Draw I

Proj I L5qs' 4 : C : Date . No V. .49•
Gun ;Ak. It 1 Mn: Mfr : ,psr~g&W (OAA.
Ran e : t S Contr, ir
Plate , •!A m• P :Spec-t
,Gauge $ $In(: Sbj Proj 1
Obl.. ,00 Nt. Group:• Bg
Req t 2,5 Cr: Heat t

LC ')l i Mo: Steel,

i I

Limit Iip I)N

-Rd stProl .Wt. Char ge tr. Vol. Ol Yaw' ___________________TBul~o
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NAVAL PROVING GOUND FIRING RECORD SEET NO. 1
LIGHT AORY BATTERY Enol.

Temperature Time
Anneal I YP:
Norm I

Harden I ELi
Quenoh I RAI
Draw I

Proj 1 K;4.0 C I Date If Nv.v 1
Gun :I '..I I Un Mfr =M w e
Bange :a I I 1 C:ontr
Plate a*,4-W64I P I Specsa
Gauge t, C, ,4 1 1 Sit Proj a , f g ga6u5
OUT. 1 ( 1 1 Ni: Group: C lp
eq * 25 1 1 Cr: Heat:,

""C Mol Steel:,

Limit a:A~f 2W

-La Wiii4

-Rd. at I Th' T Ton

/7 W .26.
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NAVAL PROVING CIROUND 8EDT NO .
LIOHT ARMS BATTRRY •ioi. ( )

Temperature TimeAr'neal , YP:
Norm t TSs
Harden : EL1
Quench t RAt
Draw t

Proj Ip•.g,¢l! C t Date I Aloy, io va.
Gun - : Mn: Vfr : - •.WA
Rane 0 11 1 6 1 Contr t.•
Plate 'I PC 4 ao I P : SpecsI
Gauge 'o0,1 1 a Sit Proj ',3M• rg-g(4P)
Obl. a 1 1 Nit Group: = c..-e-
Req * 25 1 1 1 Cr: Heat I
1C lfq s Mot Steels":

Limit :1.0s OWs

UJL.. IS Pr * p nuin ivf~
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NAVAL PROVINO GROUM PRO3SCTIIZ FIRING RECOD 8 T NO. 1
LIGHT ARWOR BATTERY Enol. ( )

Temperature Time
Anneal I YPtso Irm I T•i

;3Harden i ELI

Quench a RAI
Draw I

Proj Nl4Zfl' a C a DateI
Oun I I , a Mr: Mfr : uivi lq AD1
BBan 1 C ontr I
Plate II $?•Iioj P I Spae iGauge 8 1~q~ 1 sit Proj ,I.s•a'mm•
Obi. I Nit GroupsReq * 25 a Cri Hea ZT 07

26, Mo: Steel:

•,,

HI I I
Limit IhiI 30II1

W~e Pro .W. ChargeSt. 1FVal, Obl, la Pnet ondi ~ Wu3lf

:2-m lit U -,O

I I I

- I-

- CURITl IUFORd4AT *OH _____



UVAL PROVING GROUND PROJZTILE FIRL40 REORD SHEET NO. 1
LIGHT ARWOR BATTERY En. ( )

Temperature Time
Anneal , YP,
Norm : TS:
Harden : EL:
Quench : RAI
Draw I

Proj IX"esaw I c : Date: 1 mPro% M63Gun I I . I Mn I Mfr I ,Re~mCa-uan I S : Contri _tI C&-"

Pae la P I Specs:
Gauge tof'& I I 5±, Proj I, .plow', Wpv FSai T '
Obl. 1 -300 1 1 Nit Group: t ,,
Req t 25 : I Cri Heat :

a I i Mot Steels
HII I tie a"I
Limit II I

Pro . Charge Val. Yaw of
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NAVAL PROVING GROUND PROJETILE FIRING RECORD SHEET NO. .
LIGHT ARMOR BATTERY Enl, ( )

Temperature TimeAnneal , YP:

Norm I TS:
Harden : EL:
Quenoh i RA:
Draw I

Proj a S.DesT C Date I Pail, /f
Gun U . an: Mfr I APR#7s7**q eCp

Ran e 1 8 1 Contra aR oyAwV#6
Plate P• I •Specst
Gauge aIa asBit Proj a sx$S(APS) --7W') W7
Obl. a a Ni: Group: Rgc* j .- MIr3
Req t25 1 , 1 Cr. Heat a
14 a l,% a Mo: Steel: -

. et! Po.Wt. I Charge Str-. Vol. I ObllYaw5 PenetlCondition of-Bu1let
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-I "' 1700 e,4' 242 0 Q.. ..,• •,,.4F" •

-D- -A A*m

• " " m-o a•=, U1 o0 __________

__ _40 65 n

- - P___60__i7

g42.2.R0-T I•56ORM. TI

____0__

Ing"A._#**~
- - -DU

fry**& 1 Af. c



NAVAL PROVING GROUND PROJETILE FIRING RECORD S1EET NO. 1
LIGHT ARMOR BATTERY ^ -- ol. ( )

Temperature TO '
Anneal a YPt
Norm . TS:
Harden I EL:
Quenoh : RAI
Draw i

Proj 1 04-4 1 04-r a S C I Date i ji #i#cm
Gu a xi t1 eoj t 'fe-O1  uns Mfr a cot)< Ce4o('

Ban8 e a ,I ,*ý ,, 'ce r 1 , I I Contra ic .
Pla * 4 9j 9#se(.cps it .entf P a Spece: SOp
Gauge 1 C." 1 0.1 a- I si Proj I g x .3 Afl
Obl. I J00 1 a Nis: Group: cram a&'ANtS1 LC
Req * 25 110woo Cia Heat 1

1 a$ t. I a be's .91 Mo: Steels
HI a 0011I.a aji141
Limit &a 1 AD)0"8

RAaProlt. Chark .I 'Vol. O, Yaw' P Condition of Bullet

44, It ,,. - v 4 ..

1441 x4o

....Z! • , .. ". ... ...... •, ..,.. .,- ---- _ ,-3 - • l - -r --4, , 4, , ,, ,,.. _,

SI P & pie

--

M-_ _ .. - -- --

IIII 
I I I 

le

- -



NAVAL PROVING GROUND PROJECTILE FIRING RECORD SI=ET NO.

PROJECTILE Encl, ( )

7- L& C 17)

E~d.Bullet Soj'wt.'Charge Str. Vel. Obi. Yaw Penet Condition of Bullet
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NAVAL PROVING MiOUND PROJETILE FIRING RECORD SMET NO. I.'
LIGHT ARMOR BATTERY Enl

Temperature 'T± T
Anneal iYPt
worm I TB:
Earden EL
Quenoh R Ai
Draw

Po : ata.$- C aDate :1 A4,W A OfS
OAvn PA )?f 'Ali I 0A 17 Mn: Hr d*Aq~c'< e'

aM1 I I a Contra jWx
Glaue frw.62 1& '~ 60 f 75 T P I SPSCSI ANAGage3PI13 / WP44 sit Proj I JN- A PX
Obl. I veo a adNit Group: tg& Ga.w 10t 0S%
Req 125a : Cr: Heat:t

LC : I I ap gSe Mo: steel$
HI &S a'.9 a0 &WJ
Limit 11141j ~4
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NO.

PROJECTILE 678-1(54-2O= Enol. ( )Enl

Rd. B P l.are Str. Vol. Ob Yaw Poe Condition of Bullet'
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NAVAL PROVING GROUKD RPOJETILE FIRING RECORD SHEET NO. 1
LIGHT ARMOR BATTARY Enl. ( )

Aneal Temperature Tn lm
Norm t TSB
Har'don B ELo
Quench RA:
Draw

Proj t A.r I jj.• IJXS C : Date s1;,v ,fXJ
Gun 1# II70 o .1.a 7. , M : Udfr 3.,eLmsr ,r., do' ' d
Rante 1ý, ,'tr ii It S I Cont.r,:wP,

Glau a :991M-6)' 1100 It 3r: Specs sxp'
Gaug 1,474 lp" II I - ý*f*SitProj trwX-S AP-

Obl. $yp10 Nit: r o up : F;gvrq aw 30ac?
Re t25.q I I Cri Heat t
LC &to&? 4,1"b' Mot Steels
HI ILLIb 6, t WW b1 ' 116V 1P
Limit ti -t ule tN

. Bullet P .o-•,Wt, Charge Btr. Vel. "Obl. aw Penot Condition of .ulet
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"NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHEET NO .....

PROJECTILE 678-1(54.-20= Enal. ( )

Eld. Bullet ProJ.Wt. Charxe Stir. Vel, Obi Yaw Penet Condition. of Bulletý:
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NAVAL PROVING MOUND PROJUTILE FIRINO RECPRD SHEET NO.-1LIGHT AMOR BATTERY Enl.

Temperature Time SAnneal ,IF

"so= I TSB
Harden t EL:
Quench I RAI

Proj OA- a - I C I Date # *#pA,4 1tri

Gun Ia ax ao MnIt uiT I A&,Ur'ooe C.&.4 eo,
Banae 1; J,0ft B I a Contr: cx.
Plate I sri-,y I ::P Specs: s-P
Gauge 1,01,0f I t sit Prog sa -"
Obl. so- I Ni: Group: g•ir-c (rcvGJ,
Req * 25 a a I Cr: Heat I
LC a 2 700 ! t Mot Steels

Limit I &W1 1P

Po ,Wt. Charse r. e. Ob a PeteCondition of• ullet :
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NAVAL PROVNO GROUND PROJECTILE FIRING R&CORD SIMET NO.--....

PROJECTILE B78-1(54-20=m Enl. ( )
~62~T.~Xs WYSrs CZ

Rd.. u.llt .ProJ Wt. Chare Str. Vol. Obh. Yaw Penet. Condition of Bulleto
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NAVAL PROVING GROUND POJTID SHEET NO. ILIGHT AOR BATTERY Enl. ( )
Temperature Time

Anneal , YPI
k Norm t TS:

Harden I EL:
Quenoh I RAI
Draw a~ 1 7 -,

Proj : - c : Date t4peA tJ e
Gun a :Mn: 11fr 4~i*~C
Rane a , 1 ContrF•
Plate . P a Spectif9p.
Gauge b.1 737 sit ProJ
Obl$.a t Nii :roup -- ",

Req 2 Cri Heat I
2• a a Mo: Steel$

HI V I
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NAVAL PROVIN3 ROUD PROJBETILE FIRING RECORD SMET NO. I
LIGHT ARMOR BATTERY C Encl.

Temperature T
Anneal I YPI
NxCrm I TS:
HArden : EL:
Quench I RA:
Draw I

Proj : F C I Date I 64F*,A ,1J

8Je f a I Contri WxjpFlae P I Speas: jIxp
Gauge I Si:± Proj s gJc-C AP3
Obl. ' 7I s Ni Group: qp*vs a?' 7
Eeq 1 25 1 3 a Cro Heat I

aC Mo: Steel:

Limit

-. *- 6 v, -a - , - ,
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NAVAL PROVING GROUND PROJ'•CTILE FIRING RECORD SHEUT NO............

PROJECTILE 878-1(54-20=m Enl. 0

"Rd. Bullet ProJWt. Charge Str. Vol. Obl. Yaw Ponet. Condition of Bullet.'
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NAVAL PROVING GROUND PROJITILE FIRING RECORD F1HEFT NO. .LIGHT ARMOR BATTERY , £11 nol. ( )

Temperature TimeAnneal : lvpt
Norm I Tl
Harden : EL:
Quench B IA:
Draw ,

Proj I j - .% A . .%. . C : Date 1 A / /17 y ,9a-J
G u n I , & ,vf z I a y q M n:Fs M j'I " s U f r,: oRA15,,. COP,< ,
Ranj 0 16,7 1 7S .,r Contra rxp
Plate L . sD ,,4 . •4..-qq4 , , P : Speces SKR 6
Gauge I ,0, t ; 1119 6iI Proj a ,~
Obl. 1 3 . A 3 3 NiI Group: A-9
Req t 25 , a 1 Crt Hait I
LC a 194 a 07 1 Mot Steel:

-Rd. Bullet TFoS'.7 . Charxs Str. 'Vol. OblJ Yaw Panset •ondItion of Bullet f
HI 7 T I

L i i a a" i .# o • - "

b. " " 5 m . _ _ _ __,•., .- • ' • •

- ., •i fh ,• • • -- h 7. .4

.9 I tId 
l H #Il

m -_______ -- . ....,I-I

rr

0 ,5,,P M LiidP

- '/. - __ _ _ _ __'£ - .4-ine.• •_".. " • m i• '

-p 00- it': 00'- 0 P A

rJ 
. . ,4 1f

______--___,. . ... . . ... . ,i i i0i ,

ifi



NAVAL PROVING GROUND PROJECTILE FIRINU RECORD OiEST NO.-...

PROJECTILE 878-1(54-20m Ennl. ( )

Rd. Bullet ProJ,*t. C ge, Str. Tol. Ponot Condition of Bulleti
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NAVAL PROVING GROUND PROJECTILE FIRING RECORD SHET NO.. ,

PROJECTLSL 878.,1(54.O.mm En. ( )

Rd. Bullset ProJ.Wt. Char•e Str. Val. Obl. Yaw Penet Condition of Bullet.';
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NAVAL PROVINO MOUND PROJETIILE FIRING RECORD SHEET NO. 1
LIGHT AMOR BATTFRY - Enal. ( )

Temperature T YUjAnneal t YP,

Norm I TS:
harden : EL:
Quench t RAt
Draw :

Proj f Date 10 ,/ , v, 4- 1^
Gun, 4*"Ip, g,.n PA,,.-. An:I 9fr ; j r4miA##

Range. :j,* #,sr* I C ontra i-Pp
Plate 6,, 'I6r P0 f. Avwpe on I KP
Gauge 10 W I C -viiB±\ Proj Igk..-
Obl. as. Nil GrOUPIA-9
Rqa25a : Cr, HeatI
LC t W .0, Mot st~eel:
HI 14,,7 0jv-
Limit ta97 Ivrif W2.:
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NAVAL PROVING GROUND PROJETILE MING1 P ORD SHEET NO.,

PROECTILE 8?8-.(•'c,20 End. ( )
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